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Electrode and photoelectrochemical cell with four layers, method for producing a 
printable paste containing an electrolyte and/or carbon, and electrode 



The invention refers to a procedure for manufacturing an electrolyte and/or carbon 
containing printable paste, in particular as electrode material for a photoelectro- 
chemical cell, a procedure for manufacturing an electrode, in particular an electro- 
lyte containing counterelectrode of a photoelectrochemical cell, as well as to an 
electrolyte containing electrode and a photoelectrochemical cell. 

Dye sensitized photoelectrochemical cells are well known, which do have as a 
semiconductor a material with a very large energy gap, like titanium dioxide. A 
characteristic of such a semiconductor with a large gap is that it absorbs in 
particular the low energy part of the sunlight to a smaller extent. The sensitivity of 
such photoelectrochemical cells is increased by a dye layer, which is applied to the 
semiconductor layer. 

The functions of light absorption and charge carrier separation, which take place in 
the case of conventional solar cells, like for example silicon solar cells, in only one 
material, are separated in such dye sensitized cells. The light absorption takes place 
essentially in the dye sensitized layer, also called as chromophore layer, while the 
charge carrier separation takes place at the boundary layer semiconductor/dye. 

As dye for the sensitized layer a ruthenium (Ru) containing dye is preferred. 
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Suitable electrolytes for such photoelectrochemical cells are for example iodide, 
bromide, hydrochinon or other redox systems. 

As electrode usually metal oxide semiconductors are used, in particular titanium 
oxide. A photoelectrochemical cell, as it is described above, is for example well 
known from the EP 0584307 Bl . 

Counter electrodes of carbon have been proved to be particularly favourable for 
photoelectrochemical cells. To get such counter electrodes carbon pastes are manu- 
factured, which are applied to the appropriate substrate, for example TCO glass, and 
then annealed or burned, in order to get a stable layer. 

The light absorbing layer, usually a TiOi-layer, can be sensitized only after burning 
or annealing the carbon paste, since the dye is temperature sensitive, and would 
therefore be destroyed in the process of burning or annealing. This has the conse- 
quence that for the sensitization much dye material is needed. 

Therefore the purpose of the invention presented here is to make available an im- 
proved procedure for the production of a photoelectrochemical cell with a coimte- 
relectrode of carbon, as well as for the production of the material necessary for it 
and of an appropriate electrode and of a photoelectrochemical cell. 

This purpose is reached with the procedures in accordance with the patent claim 1 
as well as with an electrode in accordance with claim 3 and a photoelectrochemical 
cell in accordance with claim 6. The patent claims 2, 4 to 5, 7 to 9 and 10 represent 
particularly favourable features and kinds of realization. 

According to the procedure of the invention presented here for manufacturing an 
electrolyte and/or a carbon containing printable paste, in particular as a electrode 
material for a photoelectrochemical cell, a solvent is supplied, which is mixed with 
electrolyte salts and electrolyte auxiliary. 

1 to 30 weight % of carbon black with a large surface and/or conductivity carbon 
black and 1 to 30 weight % of graphite with very small electrical resistance are 
added to the solvent. The portion of weight depends on the electrolytic components 
used in each single case. 

On principle the carbon containing paste can be manufactured on base of all suitable 
and also so far used electrolytes for the photoelectrochemical cell. Basically the 
carbon black or the graphite will not be in a ftinctional interaction with the electro- 
lytic components. Thus the invention is also applicable with electrolytes, which still 
can be developed in the fixture. 
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Thereupon the received suspension is agitated, in order to receive an essentially 
homogeneous distribution. Finally, the homogenized suspension is treated with ul- 
trasound, so that a printable rigid paste develops. 

The pastes can be characterized by impedance measurements. 

Thus for the acquisition of necessary stif&iess and printability of the paste according 
to the invention carbon is used that has a high agglomeration ability and a highly or- 
ganized structure (fir tree), a large microscopic surface and a surface weight relation 
greater than 20 mVg, here called carbon black. As conductivity carbon black such 
carbon black is used that has a very high electrical conductivity, resistance values of 
max. 10 Q are acceptable. 

Thus to decrease the electrical resistance of the paste according to the invention a 
type of carbon is used that has a small agglomeration ability and a low degree of 
stmcture (wooden peg), a small microscopic surface, but however a very small re- 
sistance in one direction, here called graphite. The resistance of the used graphite 
lies in the order of magnitude of 10 ^ or less. 

According to the invention's procedure, a printable rigid paste is made available, 
which has a consistency, which makes possible the application of the paste as an 
electrode or electrolyte respectively in a photoelectrochemical cell. In this procedure 
no buming or annealing is necessary. Therefore a thermal destruction of the dye is 
impossible, and the light absorbing layer can directly be sensitized with a dye layer. 
In that way the high loss of dye, which occurs due to the absorbing characteristics of 
carbon by using carbon electrodes, is avoided, so that for the sensitization less dye 
must be used, which leads to a clear reduction of costs. 

It is further favourable that the quantity of electrolyte salt can be reduced. It was 
shown that a reduction down to 40 weight % of the original quantity in the pure 
electrolyte affects favourably the finnness of the paste. 

Preferentially in the solvent the concentrations of the electrolyte salts and electrolyte 
auxiliary are in each case equal to those as they are used for the photoelectrochemi- 
cal cell, in particular for the electrolytes in the solvent in a photoelectrochemical 
cell. As solvent in particular y-Butyrolactone is used. 

It proves to be favourable when about 10 weight % of carbon black with a large 
surface and/or of a conductivity carbon black are added. Likewise it proves to be 
favourable that about 8 weight % of graphite with a very small electrical resistance 
are added. Thus particularly high efficiencies of the photoelectrochemical cell can 
be obtained. 
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As carbon black with a large microscopic surface in particular Degussa carbon 
black F.W. 200 is suitable, as conductivity carbon black in particular Degussa car- 
bon black XE2 is suitable. As graphite with a very small electrical resistance prefer- 
entially Timcal Timrex SFG 44 or Timcal Tunrex SFG 75 is used. 

In order to produce an essentially homogeneous suspension, the suspension with the 
added particles is preferentially stirred for 5 minutes and then treated in the ultra- 
sound bath for 15 minutes with ultrasound. The length of the treatment with ultra- 
sound depends on the irradiated performance and has to be executed so long until 
the paste indicates the desired consistency. The paste should not indicate fluidity 
and should be exclusively easily spread. 

With a particularly preferred procedure ultrasound is irradiated with a power density 
of approximately 1 W/cm^ on a paste with a volume of 20 cm^ during a period of 15 
minutes. 

With the procedure according to the invention for manufacturing an electrode, in 
particular an electrolyte containing electrode of a photoelectrochemical cell, an 
electrolyte and/or a carbon containing, printable paste are supplied. The paste is ap- 
plied and adapted to a substrate or a substrate network. 

For the production of a photoelectrochemical cell the paste is directly applied to the 
porous light reflecting insulator layer, which covers the light absorbing layer which 
was sensitized with a dye layer, which is located on an electrode of the photoelec- 
trochemical cell. 

After applying the paste to and pressing the paste on the substrate the layer aheady 
has its operational status. Burning or annealing the layer, in order to get a fixed con- 
sistency, is not necessary, so that a very fast and thus economical procedure for the 
manufacturing of an electrolyte containing electrode is supplied. 

Preferably, to the applied and pressed paste fiirthermore a graphite layer is applied, 
in particular by dusting on. Thus a thin, very conductive layer is made available. The 
graphite layer must be covering, so that a horizontal conductivity is given. One or 
two layers of graphite particles are sufficient. The thickness of the layer therefore 
depends on the particle size of the graphite particles, and in addition on the used 
method of dusting the graphite. 

An electrolyte containing electrode according to the invention is used in particular 
as a electrolyte counterelectrode of a photoelectrochemical cell and comprises an 
electrolyte and/or carbon containing printable paste. This layer, which exists of the 
electrolyte and/or carbon containing paste, can be covered on one side with a further 
layer of dusted graphite. The electrolyte containing electrode is preferentially 
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manufactured in the same way as it is described above, the analogue apphes to the 
electrolyte and/or carbon containing printable paste. The electrode can essentially 
completely be produced at ambient temperature, neither annealing or burning nor the 
following troublesome bubble free filling up with dye and electrolyte is necessary in 
connection with the application in a photoelectrochemical cell, so that the produc- 
tion process is substantially simphfied and reduced in price. 

The electrolyte containing electrode shows comparable quality characteristics with 
regard to conventional electrodes, so that no or only a very small performance or 
efficiency loss has to be expected with the application of the electrolyte containing 
electrode according to the invention in photoelectrochemical cells. The thickness of 
the electrode can be adapted to the desired aims, apphed in photoelectrochemical 
cells the usual thickness lies between 10 to 100 ^m, preferentially at 20 ^im. 

The electrode arrangement consists preferentially of a conductive layer and/or an in- 
sulating layer, the conductive layer can serve as an additional electrode item, while 
the insulating layer can be a shielding for the electrode arrangement or the photo- 
electrochemical cell. 

An electrode, a diaphragm as isolation layer, an electrolyte counterelectrode and a 
with a dye layer sensitized light absorbing layer constitute a photoelectrochemical 
cell which according to the invention contains a counterelectrode and an electrolyte, 
which are realized in an integral manner and do consist of a layer of electrolyte 
and/or carbon containing printable paste. The carbon containing, printable paste is 
in particular manufactured in a procedure, as it is described above. 

Such a photoelectrochemical cell has to be manufactured easily and inexpensive, 
without having to accept crucial losses of performance data, in particular a reduced 
efficiency of the photoelectrochemical cell, in comparison with conventional cells. 
The cost use value of a cell according to the invention is crucially improved by the 
electrolyte containing counterelectrode in relation to the state of the art. 

A particularly favourable photoelectrochemical cell has an additional graphite layer 
on the carbon containing paste, which was dusted. Furthermore the electrode and/or 
the combination of counterelectrode and electrolyte are additionally covered with an 
electrically conducting layer. This electrically conducting layer can serve as elec- 
trode item and supply a particularly efficient electrode arrangement. 

Preferred is the photoelectrochemical cell, in particular this one which has at least 
one electrically leading layer, which is covered with at least one insulating layer, 
which seal off the photoelectrochemical cell with respect to outward. 
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As a dye for the sensitized dye layer preferentially a ruthenium (Ru) containing dye 
is used. As a material for the conductive layers a metal, ITO or an electrically con- 
ductive glass turned out to be favourable. 

The features and advantages according to the invention become particularly clear 
with the only attached figure (figure 1). 

Figure 1 schematically shows a possible layer structure of an execution form of a 
photoelectrochemical cell according to the invention, in which an execution form of 
an electrolyte containing counterelectrode according to the invention is integrated. 

hi figure 1 a preferential execution form of the cell according to the invention cell 1 
is represented. It has to be pointed out expressively that the shown layer thickness 
are represented not true to scale, and do only serve as explanation and representa- 
tion of the principles of the structure. 

With the photoelectrochemical four layer cell according to the invention, whose 
production is essentially characterised by four simple process steps, the individual 
layers are assembled as follows: 

The first layer, the light absorbing layer (40), here titanium dioxide Ti02 , which is 
applied to a electrically conductive carrier (10), here Indium Tin Oxide (ITO), is 
treated in a usual way with tertiary Butylpyridine or another Pyridinederivative. The 
Ti02 - layer is porous and has a rough surface, to which a dye layer (50), also called 
as chromophore layer, is applied. In this implementation as dye a ruthenium 
containing dye is used. The combmation of the TiOj - layer (40) and the dye layer 
(50) as described above are designated as light absorbing layer. 

The second layer of the four layer cell consists of a light reflecting electrical 
msulation layer (80), which is apphed to the light absorbing layer (40, 50) which is 
sensitized with a dye layer. 

The third layer of the four layer cell, the electrode electrolyte combmation layer (30) 
which consists of the electrolyte and/or carbon containing printable paste is directly 
printed onto the second layer and is pressed afterwards with a stamp into the 
insulation layer (80), with a pressure fi-om approximately 100 to 50000 Pa (1 to 
500 g/cm^) in order to get thin layers. The paste (30) has a portion of 10 weight % 
Degussa carbon black F.W. 200 and a portion of 8 weight % graphite Timcal 
Timrex SFG 44. The paste is stirred for five minutes and then treated for 15 minutes 
with ultrasound before it is apphed to the second layer, which is on the light 
absorbing layer (40, 50). 
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The fourth layer (31) of the four layer cell is a thin layer which consists itself of a 
few plies of graphite and which is made by dusting graphite onto the third layer, 
which comprises the electrolyte and/or carbon containing, printable paste (30). 

The realisation of the four layer cell as shown in figure 1 contains an additional an 
ITO layer as electrical conductor (20). 

The described photoelectrochemical cell is sealed off at both surfaces by an 
isolating layer (60) and (70) respectively. The isolating layers consist preferentially 
of a transparent material, like plastic or glass. 

At least one of the isolating layers (60) and (70) must be permeable for the light, 
which has to be converted into electricity, so that the light can reach the light 
absorbing layer (40, 50). 

In the implementation of a photoelectrochemical cell shown in figure 1 the insulating 
layer (60) is made of plastic, which is transparent for the light and is turned to the 
light, which has to be changed into electricity, and the insulating layer (70) is made 
of non-transparent plastic. 

All the features of the invention that are revealed in the description above and in the 
drawing (figure 1) as well as in the requirements formulated before are both 
individually and in any combination substantial for the implementation of the 
invention. 
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Abstract 



The invention relates to a method for producing a printable paste containing an 
electrolyte and carbon, in particular in the form of an electrode material for a 
counter electrode containing an electrolyte, for a photoelectrochemical cell. Said 
method consists of the following steps: 

- preparing a solvent containing electrolytic salts and an electrolytic auxiliary; 

- adding carbon black, e. g. with a large surface and/or a conductive carbon black; 

- adding graphite, e. g. with a very weak resistance, so as to produce a suspension; 

- stirring the solvent containing the carbon black and the carbon to produce a 
substantially homogeneous suspension; 

- treating the homogenized suspension with ultrasound to produce a thick, printable 



paste. 



Page 9 





WO 01/11702 Al 



PCT/DEOO/02723 



Electrode and photoelectrochemical cell with four layers, method for producing a 
printable paste containing an electrolyte and/or carbon, and electrode 



1. Procedures for manufacturing an electrolyte containing and/or carbon containing 
printable paste, in particular as electrode material for a photoelectrochemical 
cell, with the steps: 

a) preparing a solvent containing electrolytic salts and/or an electrolytic 
auxiliary; 

b) adding carbon black, e. g. with a large surface and/or a conductive carbon 
black and/or graphite, e. g. with a very weak electrical resistance, so as to 
produce a suspension; 

c) stirring the solvent containing the carbon black and/or graphite to produce a 
substantially homogeneous suspension; 

d) treating the homogenized suspension with ultrasound to produce a thick, 
printable paste 

2. Procedures according to patent claim 1, characterized by the fact that in the sol- 
vent the electrolyte salts and the electrolyte auxiliary do exist in a concentration 
in each case, as it is used for an electrolyte in a photoelectrochemical cell, while 
as solvent preferentially y-Butyrolactone is used, to which are preferably added 
10 weight % of carbon black with a large surface of 20 m^/g or over and/or con- 
ductivity carbon black with an electrical resistance of max. lO^Q as well as 8 
weight % of graphite with an electrical resistance of max. 10"^ Q and the re- 
ceived suspension is stirred for 5 minutes and then treated for 1 5 minutes with 
ultrasound. 

3. Procedures for manufacturing an electrode, in particular an electrolyte contain- 
ing electrode of a photoelectrochemical cell, which cover the following steps: 

a) preparing an electrolyte and/or carbon containing printable paste, in particular 
a paste, which is manufactured in a procedure according to the claims 1 to 2; 

b) applying and pressing the paste on a substrate or a substrate network, in par- 
ticular on a, an electrode and at least one light absorbing layer containing, 
substrate network for a photoelectrochemical cell. 

c) applying a graphite layer to the paste, preferably by dusting. 

4. Procedures according to the claim 3, characterized by the fact that the paste is 
pressed with a material covered stamp on the substrate or the substrate network. 
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characterized by the facts that the substrate or the substrate network consists of 
a Hght reflecting electrical isolation layer of Ti02 or that the electrical isolating 
properties of the substrate or substrate network are increased additionally by 
layers of cloth, paper or plastic foils. 

5. Electrode arrangement in accordance with the claims 3 to 4, in particular an 
electrolyte containing counterelectrode arrangement of a photoelectrochemical 
cell, characterized by the fact that it comprises an electrolyte containing and/or a 
carbon containing printable paste, in particular manufactured in a procedure in 
accordance with one of the claims 1 to 2, which is characterized by the fact that 
it has a layer thickness from 10 to 100 ^im, preferably a thickness of 20 |im. 

6. Photoelectrochemical cell, which comprises: 

a) an electrode, 

b) a diaphragm as isolation layer 

c) an electrolyte containing counterelectrode, 

d) one with a dye layer sensitized light absorbing layer, 

characterized by the fact that in the procedures mentioned in the claims 3 to 5 
the counterelectrode and the electrolyte are realized in an integral manner and 
do consist of a layer (30) of a electrolyte and/or carbon containing printable 
paste, in particular a paste, which is manufactured according to one of the pro- 
cedures mentioned in the claims 1 to 2. 

7. Photoelectrochemical cell according to the claim 6, characterized by the fact that 
the electrolyte containing counterelectrode (30) contains a graphite layer, in 
particular a dusted graphite layer (31). 

8. Photoelectrochemical cell according to the claims 6 or 7, characterized by the 
fact that the electrode (10) and/or the electrolyte containing counterelectrode 
(30, 31) are covered with an electrically conductive layer, metal, ITO or a con- 
ductive glass (10, 20) and that at least one of the electrically conductive layers 
(10, 20) is covered with an electrical insulating layer (60, 70) for which an iso- 
lating glass, an isolating plastic or other organic or inorganic materials are used. 

9. Photoelectrochemical cell according to the claims 6 to 8, characterized by the 
fact that as dye for the light absorbing layer (40) a sensitizing dye layer (50) is 



10. Module consisting of photoelectrochemical cells or other products which con- 
tain an electrolyte and/or a carbon containing printable paste, which was 
manufactured in a procedure according to the claims 1 to 2. 
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A b P ' *t"t Abkurzungen wird auf die Erkldrungen ("Guidance Notes on 

Codes and Abbreviations") am Anfangjeder regularen Aiisgabe 

199 37 910.6 11. August 1999(11.08.1999) DE , i^nT r-^ 

^ ^ ^ der rCl -Uazette verwiesen, 

(71) Anmelder und 

(72) Erfinder: MERMIGIDIS, Georg [GR/DE]; Rotkreuzs- 
trasse 4, 73479 EUwangen/Jagst (DE). 



(54) Title: ELECTRODE AND PHOTOELECTROCHEMICAL CELL WITH FOUR LAYERS, METHOD FOR PRODUCING A 
PRINTABLE PASTE CONTAINING AN ELECTROLYTE AND/OR CARBON, AND ELECTRODE 
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HERSTELLUNG EINER ELEKTROLYT- UlsTD/ODER KOHLENSTOFFHALTIGEN, DRUCKFAHIGEN PASTE UND ELEK- 
TRODE 



^ _^ (57) Abstract: The invention relates to a method for producing a printable paste containing an electrolyte and carbon, in particular 
in the form of an electrode material for a counter-electrode containing an electrolyte, for a photoelectrochemical cell. Said method 
consists of the following steps: preparing a solvent containing electrolytic salts and an electrolytic auxiliary; adding carbon black, 
e.g. with a large surface and/or a conductive carbon black; adding graphite, e.g. with a very weak resistance, so as to produce a 
suspension; stirring the solvent containing the carbon black and the carbon to produce a substantially homogeneous suspension; 

t*^ treating the homogenised suspension with ultrasound to produce a thick, printable paste. 

— . (57) Zusammenfassung: Offenbart wird ein Verfahren zum Herstellen einer elektrolyt-, kohlenstoffhaltigen, druckfahigen Paste, 
insbesondere als Elektrodenmaterial fur eine elektrolythaltige Gegenelektrode fiir die photoelektrochemische Zelle, mit den Schrit- 
ten: Bereitstellen eines Losungsmittels, das Elektrolytsalze und Elektrolythilfsmittel enthalt; Zusetzen von RuB, z.B. mit groBer 
Oberflache und/oder eines LeitfahigkeitsruiJes und Zusetzen von Graphit z.B. mit sehr kleinem Widerstand, so dafi eine Suspension 
^ erzeugt wird; Riihren des den Ru6 und den Kohlenstoff enthaltenden Losungsmittels, so daB eine im wesentlichen homogene Sus- 
^ pension erzeugt wird; Behandeln der homogenisierten Suspension mit UltraschaU, so daB eine druckfahige steife Paste ensteht. 
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As a below named inventor, f hcrchy declare thaf; 

My residence, post office address and cttizensiup arc as stated 
next to my name. 



[ believt; I am the originaJ, first and soJe inventor (if only ooc 
name i$ listed below) or an on^iml, fiti^t and joint inventor (if 
plurat names are listed below) of the subjecr matter which is 
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mitTjtel 37, Code of Federal Regulations, § 1.56 von Belang 
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DE 199 37 910 Al Genrany 

rNuBiber) (Country) 
(>4(iininEr> 



I hereby claim foreign priority under Tide 35 » United Sifltes Code. § 
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KenntnU dciucn abtegc, dafi wixsentlicb Uftd vof5at7Jich falfurbc 
A&e^b<» odcrdcfEkichcn gemSB § lOOLTttlc 1 8 des U&Code strafbar 
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patefiteWhy as defined in Title 37, Code of Federal Rcgulaiicm^ g i .56 
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Separate statements are required from each named person, concern, or organization haying rights to the invention 
stating their status as small entifies. (37 CFR 1 .27) 

I acknowledge the duty to file, in this application or patent notification of any change in status resutting in loss of 
entitlement to small entity status prior to paying, or at the time of paymg, the earliest of the Issue fee or any 
maintenarvce fee due after the date on which status as a small entity Is no longer appropriate (37 CFR 1 .2e(b)) 



Dr. George Mermigidis 
NAMEOFINVENTOR 

Si^ffi^ture of inventor 

12. January 2001 



D»te 



NAMEOFINVENTOR 



NAME OF INVENTOR 



Signature of inventor 



Date 



Signature of Inv^or 



Date 



Burdftn Hour Statsmftfit: Tl^i* foim is estniaisd ta Uk* 0.2 hours to complete. Tune will wry tefwdding upon lha nwdt of th* indtviauai caso. Any 
oommenti on ihe amount of Vme you art ivquind to cem(rf«l» this farm AhoiM be aenl 1o tie Chief Infommtion OfAcer, Pitant and Tntfemanc Office. 
Washington. DC 10231 . 00 NOT SEND PCCS OR COMPLETED f OflMS TO THIS A00R£8S. SEND TO: AMratentCominuiofter Patents. Washington. 
DC 202)1. 



Quli 1998) 



PCT. Bd 2, 10 l.fg. 



JCCc nac r-CT/PTO 2 9 MAR 200 . ^ 




Herrn Dr. George Mermigidis, 
Rotkreuzstr. 4, 73479 Ellwangen, 
geboren am 15.05.1964, 



ausgewiesen durch griechischf.n d • 

g lechischen Reisepasses Nr. n 316464- 



beglaubige ich hiermit. 

Eljwangen, den 19.02.2001 
Notiariat Ellwangen 



Notarvertreterin 

als Vertreterin von Notar Rohrer 




Apostide 

(Conventten d, U Hay, du 5 o<«ob«. 1961) 

1. Land: BundesrepubWc DeutocWand 
Diese offentliche Uricunde 

3. « -fiSTEigenschaft alsI^^Sl^^E 



4. sfe iat versehen mit demaa^^^tempel 



Bestatigt 

6. am 



5. In Ellwangen/Jagst 

7. durch den PrSsidenten des Landgerichts 

8. unter Nr. 9io a -JtZj^QOi^^ 
9:_§egel/Stemp6» T^TTT, " 



1 9. 01 01 



(Kunafl 




United States Patent & Trademark Office 

Office of Initial Patent Examination -- Scanning Division 




Application deficiencies found during scanning: 

©/pageCs) of__^f2u^ were not present 

for scanning. (Document title) 



^ / N were not 
□ Page(s) ot __ 

present 

for scanning. (Document title) 



□ Scanned copy is best available. 



